This paper presents a novel experimental system of conversion between heat and power of the kW-class thermoacoustic engine, at both ends of the thermoacoustic core components the compression and expansion motors are added. By adjusting the parameters of motors like spring stiffness, moving mass, inductors and external resistors in order to easily and comprehensively adjust the pressure fluctuations, volume flow rate, acoustic field and phase angle in engine, we can better research on the performance of conversion between heat and power of thermoacoustic engine and impedance matching on motors and engine. It has important significance of improving working performance of thermoacoustic engine and optimal selection of parameters of compression and expansion motors.
Introduction
In recent, thermoacoustic heat engine technology has been getting more and more attention because of its advantages of no mechanical moving parts, long life-time [1] . A traveling-wave thermoacoustic engine has a potentially high efficiency based on reversible Stirling cycle [2] . Our group proposed a doubleacting traveling-wave thermoacoustic engine by connecting three same thermoacoustic engines into a loop with motors or liquid vibrator [3] which is list in Fig.1 ; it can greatly shorten the size of resonator and effectively adjust the acoustical impedance of system. However, in early experiments there is the problem of inconsistency and little research on the conversion between heat and power and impedance matching on motors and engine, so we recently propose a unit experimental system of kW-class thermoacoustic engine, at both ends of the thermoacoustic core components the compression and expansion motors are added. By adjusting the parameters of motors like spring stiffness, moving mass, inductors and external resistors in order to easily and comprehensively adjust the pressure fluctuations, volume flow rate, acoustic field and phase angle in engine. Investigating on the influence on the performance of engine and motors by changing the capacitance, moving mass, mean pressure and working frequency, we can better understand the conversion between heat and power of thermoacoustic engine and impedance matching on motors and engine. It has important significance of improving working performance of thermoacoustic engine and optimal selection of parameters of compression and expansion motors; meanwhile it has guiding value of the looped double-acting thermoacoustic engine. Fig.2 demonstrates the photograph of the unit experimental apparatus. Two linear motors are used to provide a required experimental condition. The compression motor is used to provide acoustic power to the core unit, and the acoustic power will be amplified by the thermoacoustic core unit with a positive temperature gradient. Then, the expansion motor consumes the acoustic power by converting it into electrical power and dissipated by a rheostat connected with the expansion motor. Instead of using the phase control mechanism for the thermoacoustic core unit in a real thermoacoustic engine, our test rig can supply the same phase condition by changing the acoustic impedance of the expansion motor. From Fig.2 , the thermoacoustic core unit of the engine, including a main ambient temperature heat exchanger, a regenerator, a high temperature heat exchanger, a thermal buffer tube and a secondary ambient temperature heat exchanger, is sandwiched between a compression motor and an expansion motor. The main ambient heat exchanger and the hot end heat exchanger are used to build a temperature gradient for the regenerator to convert heat to acoustic power. The thermal buffer tube and the secondary ambient heat exchanger are used to isolate the hot region from the room temperature to prevent other components of the engine from working within a hot environment [4] . Both the compression and expansion motors are dual-opposed configurations to reduce vibration. The diameter of thermoacoustic core unit is 50mm and the main parameters of the motors are listed in Table 1 . 
Experimental apparatus

Experimental results and analysis
In order to better understand the conversion between heat and power of thermoacoustic engine and impedance matching on motors and engine, we do the experimental investigation on the influence on the performance of engine and motors by changing the capacitance, moving mass, mean pressure and working frequency, respectively. By optimizing the parameters of the compression and expansion motors, we get the maximum net acoustic power up to 1 kW or more and the maximum efficiency of about 36%.
The formulae (1) and (2) are the real and imaginary part of impedance of expansion motors, respectively. The real part can impact on the outputting acoustic power of compression motors and the imaginary part can impact on the phase difference of inlet and outlet volume flow of the thermoacoustic engine to affect the ability of amplifying acoustic power of regenerator and the conversion between heat and power of the engine. The formula (3) is the resonant condition of compression motor, which can reflect the impedance matching on motors and engine. When the motor is near resonant, meaning good impedance matching, the current will decrease, that is conducive to the safety of motor. The formulae (4) is the gas spring stiffness of back cavity of motors, we can change the mean pressure to adjust it, thus adjusting the total stiffness in the imaginary part of impedance [5] . 3 shows the distribution of the current of compression motors by changing the external resistor of expansion motors. We can see that under the same resistor, adjusting the capacitance from 25μF to 30μF, the moving mass from 1.7kg to 1.5kg, the mean pressure from 4.0MPa to 4.5MPa and the working frequency from 80Hz to 78Hz, respectively, the current of compression motors can reduce in a certain extent. From formulae (2) and (3), we know that changing the above parameters can reduce the imaginary part in order to make compression motors work near resonant state and the impedance matching on motor and engine better, then the current will decrease under the same outputting acoustic power condition. Fig. 4 shows the distribution of the phase difference of volume flow by changing the external resistor of expansion motors. We can see that, under the same resistor, adjusting parameters like the above, the phase difference continue to decrease. The reason is that when the imaginary part of impedance decreases, phase angle of impedance decreases, which reduces the phase difference of volume flow, when the phase difference close to -120 °, the regenerator can work in ideal travelling-wave field, meanwhile it can simulate the working state of thermoacoustic engine in the loop, which has a certain guiding significance for the study of the looped engine. 6 show the distribution of the net acoustic power and thermoacoustic efficiency by changing the external resistor of expansion motors, respectively. The net acoustic power refers to the difference of outlet and inlet acoustic power of the engine, reflecting the ability of amplifying acoustic power of regenerator. The thermoacoustic efficiency refers to the ratio of net acoustic power and heating power, comprehensively reflecting the conversion between heat and power of the engine. We can see that under the same resistor, as the parameters change, the net acoustic power and efficiency both increase first and then decrease, under 30 μ F, 1.5kg, 4.0MPa, 80Hz condition, when the resistor is 10 Ω , we get the maximum net acoustic power 1080W and the highest thermoacoustic efficiency 36%, this is because under this condition the phase difference of the regenerator is ideal and the heat can fully convert into power.
Through the above experimental results, we know that changing the capacitance, moving mass, mean pressure and working frequency can effectively adjust the phase difference of volume flow which impacts the conversion between heat and power of the kW-class thermoacoustic engine. By optimizing the above parameters, we get the maximum net acoustic power up to 1080W and the highest thermoacoustic efficiency of about 36%.
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